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COMPLETE SPECIFICATION 

Liquid Particulate Solid Contacting Apparatus 

We, INTERNATIONAL RESEARCH & DEVE- 
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lopment Company Limited, a British Com- 
pany, of Fossway, Newcastle-upon-Tyne 6, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement : — 

This invention relates to liquid-particulate 
solid contacting apparatus of the continuous 
counterflow type. Such apparatus finds appli- 
cation m ion exchange processes, molecular 
sieve adsorption, leaching of ores, washing of 
crystals and similar processes. 

Typically such apparatus comprises a verti- 
cal column through which the particulate solid 
descends through an upward flow of liquid. 
In one known arrangement of this type, beds 
of solid particles are supported on perforated 
trays which may have simple perforations or 
be of the bubble-cap type. The liquid can flow 
upwards through the trays and over the parti- 
cles which are rendered mobile so that they 
flow through the bed to the edge of the tray 
and thence over the edge to fall by gravity 
through a transfer passage onto a tray below. 

To move the particles'from tray to tray var- 
ious methods have been proposed. The upflow 
of liquid may be sufficient to render the parti- 
cles sufficiently mobile for flow through the 
bed and over the edge of the tray to take place. 
However, this system is unstable since liquid 
may by-pass the particle beds, flowing instead 
through the transfer passages. In another ar- 
rangement the whole of the fluid flowing up- 
wards through the particle beds is pulsed by 
external means so as to render the particles 
more mobile and the operation more stable 
since by-passing of stages can be reduced, but 
with such an arrangement, whilst the process 
is more continuous, the pulses affect not only 
the beds of particles but also the passages 
through which the particles fall from one bed 
to another so that some pulse energy is wasted. 
In another^arrangement, the flow of liquid 


through the particle bed or beds is reversed 
intermittently^ but this means that continuous 
counter flow of liquid through the particle 
beds cannot be achieved. 

In all these arrangements there are disadvan- 
tages of low solids fluxes or intermittent opera- 
tion. 

According to the present invention liquid- 
particulate solid contacting apparatus comprises 
a column containing a plurality of vertically 
spaced perforated trays for supporting the par- 
ticulate solid, each tray having an edge portion 
bounding an opening for the passage of said 
particulate solid from one tray to a tray below, 
a retraining wall for particulate solid disposed 
along said edge portion, and a baffle assembly 
extending over said opening but spaced from 
the tray, said baffle assembly having a baffle 
portion over-lapping said retaining wall in a 
vertical direction but in spaced relation thereto, 
means for supplying particulate solid to the 
top of the column, means for passing a liquid 
upwards through said column through the 
trays containing particulate solid and means 
for supplying a pulsating fluid pressure to the 
space enclosed by -at least the lowermost baffle 
assembly. 

The opening for the passage of particulate 
solid from one tray to the tray below may 
be defined between an edge of the tray and 
a wall of the column or take the form of an 
opening in the tray itself. Openings in consecu- 
tive trays may lie at opposite sides of the co- 
lumn or, in an alternative arrangement, an 
opening in one tray may lie centrally within 
the tray with the openings in the tray imme- 
diately below being located adjacent a wall 
or two opposite walls of the column. 

The pulsed fluid pressure may be produced 
by compressed air or other fluid Supplied 
through a rotary valve adapted to induce a 
pulsating pressure in the air. 

In order that the invention may be fully 
understood it will be described in one form 
by way of example with reference to the draw- 
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ings accompanying the Provisional Specifica- 
tion, in which : 

Figure 1 is a section through a hquid-parti- 
culate solid contacting apparatus in accordance 
5 with one embodiment of the invention. 

Fi<mre 2 is a section through a rotary valve 
for inducing pressure pulses in a gas passing 
therethrough. , . 

Figure 2A is a view on section AA or tne 
10 valveof Figure 2. . 

Figure 2B is a view on section B15 or tne 

valve of Figure 2. ' . . , • 1 * 

Referring to Figure 1, liquid-particulate 
solid contacting apparatus comprises a vertical 

15 column 1 typically of circular, or rectangular 
cross section incorporating a plurality of verti- 
cally spaced perforated trays 2— 4 for support- 
in- beds 5—7 of particulate solid, the size of 
thS perforations being small enough such that 

20 the particulate solid does not fall through, but 
Iar*c enough to allow liquid to flow there- 
through without suffering a large pressure 
drop. The perforations may take the form of 
simple openings or be in the form of bubble 

25 caps. . 

In the embodiment illustrated an opening 
for the passage of particulate solid from one 
tray to the tray below is defined between an 
edge portion of a tray and a wall of the co- 

30 lumn. Thus opening 8 for the passage of parti- 
culate solid from tray 2 to tray 3 is denned 
between the edge portion of tray 2 and tne 
wail of column 1. Opening 9 is formed between 
edge of tray 3 and the opposite wall of the 

35 column 1 as shown and opening 10 between 
edge of tray 4 and the wall of the column 

'Disposed along each edge portion is a re- 
taining wall which is mainly required to pre- 
40 vent solids flow when pulsing is stopped, re- 
taining walls 11—13 are associated with trays 
2 — 4 respectively. n 
Extending over each of the passages 8— 1U 
is a baffle assembly comprising a wall portion 

45 14a— 16^ respectively, and a sloping portion 
!46__16^ respectively. Each baffle assembly 
has a wall portion which overlaps the retaining 
wall of the tray with which it is associated 
in a vertical direction and is in spaced relation 

50 thereto as shown. Thus the wall portion 14a 
overlaps the retaining wall 11, the wall portion 
15a overlaps the retaining wall '12 and so on. 
As a result of this arrangement each battle as- 
sembly defines a chamber 17, 18 or 19 sur- 

55 rounding an opening in which chambers pro- 
cess liquid having a pulsating motion serves 
to transfer solids from one tray to the tray 

below. , . - _ n 

Gas, for example compressed air, from ro- 

60 tary valve 20 is introduced through duct 21 
to lowermost chamber 19 via control valve 22. 
The rotary valve 20 can be operated contin- 
uously or intermittently if desired to give 
quiescent intervals between pulses or lower 

65 solids flow rates or both effects. 


Process liquid for contacting the particulate 
solid is introduced through inlet 23 and flows 
upwards in continuous manner through the 
column passing through the beds of particulate 
solid on the trays and leaving through outlet 
24 

The particulate solid is introduced through 
inlet 25 into a space 26 by means of a carrier 
fluid which may be a separate fluid such as 
air or liquid from another apparatus or the n 
process liquid product itself. The particulate 
solid is supported by tray 27 which in the form 
shown is not perforated, but which could be 
perforated if desired, although this would pro- 
bably entail excessive mixing of the process au 
liquid and the carrier fluid used to introduce 
the paniculate solid into space 26. If air or 
process liquid product is used as the carrier 
fluid no problem is presented by such mixing. 

Baffle assembly 28a and 283 of the same w 
form as the other baffle assemblies is provided 
around opening 29 at the edge of tray 27 and 
the solids pass from the tray 27 via chamber 
30 in a similar manner to the perforated trays. 

Pressure pulses applied to lowermost w 
chamber 19 induces flow in all of the chambers 
17 19 and 30 alternatively in the same direc- 
tion as the process fluid and in the reverse 
direction. When a pressure pulse induces a 
current of process liquid to flow counter to ^ 
the main upward flow, particulate solid is in- 
duced with some surrounding process liquid 
to flow off each tray and over the retaining 
walls. During this time and also when the in- 
duction flow ceases solids drawn over the re- 
taining walls fall into the bed of solids on the 
tray below. The pulse shape may be such that 
at the end of each period of induction flow, 
a short period of relative quiescence allows 
solids to fall to the tray below and such that i*» 
the periods of flow in the direction of the pro- 
cess fluid and the reverse direction are 
different or equal. 

The solids flow rate is controlled by the rate 
and amplitude of the pulsing, the shape of the nu 
pulse, the physical dimensions of the passages 
between the wall portion 14a— 16a of the 
baffle assemblies and the retaining walls 
11—13 and the height of particulate solid on ^ 

the trays. , 

Whilst the embodiment described the pulsa- 
tions are induced by introducing a fluid such 
as compressed air to the lowermost chamber 
only, the fluid can be introduced into other 
chambers if so desired. ... 

The beds of solids mav be maintained as 
bed of moving particles with relatively little 
motion between particles to avoid back mixing 
of the solids or as fluidised beds in which mix- 
ing of the particles is considerable. 125 

The dimensions of the passages formed be- 
tween the retaining walls 11—13 and the wall 
portions 14a— 16a of the baffle assembled and 
between the lower edge of the said wall por- 
tions and the trays, should preferably be such 130 
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that the passages have substantially constant 
cross-section to avoid the introduction of flow 
restrictions. The height of the bottom of the 
wall portions 14a— 16a of the baffle assem- 
blies above the trays should be several times 
the mean particle diameter. In a typical 
case the height would be of the order of at 
least six times the mean particle diameter The 
10 . m u ent,oned w ouU normally be less than 

the height of the bed as shown* The sloping 
portions 146-166 of the baffle assemblies are 
Sal m ran§ ° 30 °— 70 ° t0 th e hori- 

15 a K a , se P am . e carrier fluid is used to intro- 
« duce the particulate solid, this fluid can be 

removed via outlet 31. 

The solids flow downwards against the flow 

of process liquid and collect in reservoir 32 

20 a„ m of the column and with- 

drawn as a concentrated slurry from outlet 33 

The hlm 0l L neC v not be of the sha P e sh °wn.' 
.J?m u 34 a!lows ""hindered settling of 
solids in the reservoir 32. The solids may sim- 

25 ted'Sir SUltabk SP3Ce bd0W the ] ^ uid 

Curing initial filling of the column 1 the 
cham berS) , 17 _ 19 and 3Q must be je 

3? a ' r 5° esca P e - Small holes in the sloping 
portions 146-166 and 286 at the hiS 
30 pomts of the chambers 17-19 and 30 can 
be provided and will not significantly affect the 
pulse action, or vents to atmosphere can be 

<K v,l Ref ™ ' ng t0 ? igures 2 ' 2a and 2b the rotary 
If Li COmp / 1SCS % c y lind ™al body member 
ii i on the surface of which are several longi- 
tudinal slots 36 of uniformly varying wid?h. 
The member 35 rotates, at a speed which can 
40 « ,Cd ' W1 5 ,n a stati on«y block 37. A hole 
40 38 passes radially through the block and the 

cbses n f he T] ber 3 - 5 alternat ^ly opens and 
art f S r C " £ lnner end - Compressed 
rn f t i pl ? e ^. 9 and P asses via Pipe 21 
45 1 C °l Um V: The P ressure °f the P air in 
45 he chamber 19 is cyclically varied by the ac- 

a An v^^ h bCr 3 l u' hi ? ailows impressed 
air to vent through the hole 38 and the slots 
36 at a speed determined by the speed of rota- 
™ X member 35 and on the relative position 
50 of the member 35 relative to the block 37 and 
on the air pressure. 

Whilst the use of compressed air has been 
mentioned other fluids can be used incLdL" 

55 SrvS ft™! " Sdf t0 produce the "«£ 
55 sary pulses. The form of valve shown is given 

by way of example and other pulse producin" 
devices can be used. """un 0 

fift SmaI1 cham ber at say the bottom of the 

60 column a continuous flow of process liquid can 
be maintained in the column and the pulse 
energy required is more effectively used to in- 
duce solids flow than that required in systems 
where pulse are induced in the who"e of the 
65 process l.quid. The pulse action affects each 


bed of solids to substantially the same decree 
and produces substantially equal flow of solids 
from each bed. The pulse action is not pri- 
marily required to render the solids mobile but 
to enhance solids transfer from tray to tray. 70 
a ufu y - St Z m is inheren tly stable as a fall in 
* lg ,^ 0 « 3 P articuIar «y reduces the 
flow of solids from the tray and vice-versa. 

Jed ^S. ,S theref ° re ^ Med 01 em P" 75 

As the flow of solids is not dependent solely 
on gravity effects the ration of the volume flow 
of sohds to flow of processing liquid can ap- 
proach and m some cases exceed unity at 
liquid flow rates sufficient to fluidise the solids. 80 
it more than one column of the kind de- 

S?t a USCd , nCC Carry over of P roce ss 
liquid from one column to the next by the 

sohds is reduced compared with conventional 
arrangements because a high degree of separa- 85 
non of sohds and carrier liquid is effected us- 
ing the method of pulsing to induce solids flow 

™£f^ ai £ ber such as thc chamber 26. 
WHAT WE CLAIM IS : — 

■1. 'Liquid-particulate solid contacting ap- 90 

paratus comprising a column containing a 

plurality of vertically spaced perforated trays 

tor supporting the particulate solid, each tray 

having an edge portion bounding an opening 

for the passage of said particulate solid from 95 

one tray to a tray below, a retaining wall g 

particulate solid disposed along f aid edge 

portion, and a baffle assembly extending over 

said opening but spaced from the tray" said 

b 3 rfn,n aSSembIy * baffk Portion W 100 

tapping said retaimng wall in a vertical direc- 

^nnS™ m Spa - CCd relati0n theret0 ' mean s for 
supplying particulate solid to the top of the 

co umn means for passing a liquid upwards 

through said column through the trays contain 1 ft* 

mg particulate solid and means fo/ supply^ 105 

a pulsating fluid pressure to the space encB 

by at least the lowermost baffle assembly 

2. Apparatus as claimed in claim 1 in which 

the opening for the passage of the particulate 110 

d bv r°h m , 0 H ne tfay r -° the ^ below * bound- 
ed by the edge portion of the tray and a side 
wall of the column. 

the 3 ol P rw arat " S 35 daime . d in claim 2 in which 
tne openings m consecutive trays lie at oddo- 
site sides of th e column. PP 115 

4. Apparatus as claimed in any of the pre- 
ceding claims in which the means for sup? ty- 
ing paniculate solid to the top of the column 
comprise an imperforate top tray having™ 120 
edge portion bounding an opening for tK 
downward passage of the particulate solid a 
™« dis P° sed a l°ng Ae ed»e portion 
and a baffle assembly extending over dTopen- 

ablve nd he PaCed f /° m th£ ^ a cnaEr l25 
above the imperforate tray having an inlet for 

outle d f Car r ng the Particu,ate solid S Tan 
outlet for the carrier liquid . 

5. Apparatus as claimed in any of the pre- 
ceding claims including a partition bekn/the 130 
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TaJpSus as claimed in any of the pre- 
ceding claims in which the means for supply- 
^. n m, «tin» fluid pressure comprises a con- 
duit for he supply o P f air under pressure and 
fwnt for said conduit having a rotary valve 
whS periodically opens and closes said vent 

7 Apparatus as claimed in claim 6 in which 
the rotary valve has a rotary drum with chan- 
nels in Us periphery which increase progres- 
sively in width along the length of the drug 
and a non-rotating block within which the 


'ViS^^ a liquid and a 

parucufate solid substantially as described with 

ld 9tZlr^Kl claimed in claim 8 deluding 
a rott^Sve substantially as described with 
reference to Figs. 2, 2A and 2B. 

REDtDIE & GROSE, 
Agents for the Applicants, 
6 Bream's Buildings, 
London, E.C.4. 
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